Statistical conformity criteria for the compressive strength of concrete are a matter of debate. The criteria can have prejudicial effects on construction quality and reliability. Hence, the usefulness of statistical criteria for the small sample size n = 3 is questioned. These defects can cause a reduction in the quality of produced concrete and, consequently, too much risk for the recipient (investor). For this reason, the influence of conformity control on the value of the reliability index of concrete and reinforced concrete has been determined. The authors limited their consideration to the recornmended standards PN-EN 206-1, PN-EN 1992 and ISO 2394 method of reliability index, which belongs to the analytical methods FORM (First Order Reliability Method). It assumes thai the random variables are defined by two parameters of the normal distribution or an equivalent normal: the mean and the standard deviation. The impact of conformity control for n = 3 for concrete structures, designed according to the Eurocode 1992, for whicb the compressive strengtb of concrete is the capacity dominant parameter (sensitivity factor of dominating resistance parameter according to the FORM is 0.8), has been detennined by evaluation of the reliability index.
INTRODUCTION
The characteristic compressive strength of concrete during the design of concrete structures is taken into account, as this can affect the fulfilment of the ultimate limit state and serviceability specified in PN-EN 1992 [5] . In the process of construction, which should be consistent with the requirements of PN-EN 13670 [6] concerning the execution of concrete works, a built-in construction material is monitored to ensure it fulfils the requirements fixed in the design specifications. Building material estimation is based on the principles established in the PN-EN 206-1 [7] concerning concrete.
Conformity control must be exercised by the manufacturer of theconcrete. The above mentioned control is based on a compliance assessment of properties. Depending on the degree of mutual confidence between the recipient and the manufacturer, the criteria may constitute the only required procedure of acceptance for delivery. Additional study for acceptance includes only compressive strength tests, performed only when there are no doubts or if the design specifications require it. The purpose of the study is to confirm whether the additionally tested concrete batch belongs to the same population which the manufacturer had made an assessment of compliance.
Compliance criteria for the number of samples n = 3 have many well-identified disadvantages which may result in the reduction of produced concrete quality and high-risk of recipients (investors, users).
As a result, the impact of conformity control on the reliability index value of concrete structures and the reliability index value for the elements of reinforced structures were determined.
This effect for concrete structures designed according to Eurocode 1992 [5] , for which the dominant parameter of resistance is the compressive strength of concrete (sensitivity factors αi = 0.8 assumed), was determined by calculating the reliability index.
The reliability index for concrete structures designed according to Eurocode 1992 [5] , for which the dominant parameter of resistance is the compressive strength of concrete (sensitivity factors αi = 0.8 assumed), was determined. It should be noted that this analysis has been limited to the method of reliability index β and belongs to the analytical methods FORM (First Order Reliability Method) and was recommended in PN-EN 1990 [8] and ISO 2394 [9] . This method assumes that random variables are specified using two parameters of the normal or equivalent distribution. They are described by mean value and standard deviation.
This article is an attempt to answer the question of how safe concrete and reinforced concrete structures by conformity control of concrete according PN-EN 206-1 [7] are. The effect of quality control on the safety level is most often not considered in calculations, although this is an important consideration when designing or evaluating performance-based concrete structures.
DISADVANTAGES OF COMPILANCE CRITERIA
The identified disadvantages of code conformity criteria mainly concern the analysis of a batch (volume) of concrete before control. These analyses apply to the level of defectiveness during continuous production of concrete and are described by the relation between the probability of acceptance and defectiveness for produced concrete (OC curves). This study does not apply to the characteristic compressive strength of concrete after built-in, in other words defectiveness after compliance control. The estimation of the characteristic value of the compressive strength of concrete is dependent on the defectiveness fraction of concrete after conformity control. The defectiveness fraction of concrete after control is dependent on conformity criteria formulated and recommended in the PN-EN 206-1 [7] . Conformity criteria should be a compromise between the requirements of safety and quality. They should guarantee the characteristic compressive strength fck is obtained. The Average Outgoing Quality (AOQ) curve is constructed by determining a series of point pairs (w, AOQ) from a series of assumed fraction defective values w and Pa•w (just as in the OC curve) [1] . Note that the plot of AOQ shows the relation between the incoming quality (defective fraction before conformity control) and the outgoing quality (defective fraction after conformity control). Another important value, the average outgoing quality limit (AOQL) is simply the maximum of the AOQ curve. It represents the maximum possible percent defective for the sampling plan that is defined by conformity control. AOQ curves can be a form of presentation of the risks associated with the use of code conformity criteria for the quality control of ready-mixed concrete. The basis for the classification of concrete and determination of its quality is the characteristic compressive strength fck after 28 days. The fck value is defined as the 5% fractile of the statistical distribution of the compressive strength of concrete, therefore the maximum value of AOQ should be related to the value of 0.05 (Eq. 2.1). Using AOQ curves to the verify discrimination power of conformity control recommended by PN-EN 206-1 for the sample size n = 3, it can be seen that the shape of the curves AOQ depends on the standard deviation - Fig. 1 . The average outgoing quality after conformity control is higher for the greater value of the standard deviation of the compressive strength of concrete. The average outgoing quality limit (AOQL) after compliance control for conformity criteria recommended by [6] for n = 3 is dependent on the value of the standard deviation. For the standard deviation above 3 MPa, the average outgoing quality limit after conformity control is greater than 0.05, and so is greater than the value recommended for fck fractile - Fig.1 . Figure. 1. AOQ curve for conformity criteria for sample size n=3 and different standard deviation
The average outgoing quality after conformity control for concrete with the standard deviation greater than 3 MPa built into the structure is greater than 0.05. Concrete produced with the standard deviation above 3 MPa, though it complies with the criteria imposed during conformity control by [1] , its average outgoing quality after control is greater than the 5% fractile for the statistical distribution of the compressive strength defined in the standard [6] . When analyzing the correctness of code conformity criteria recommended for sample size n = 3, the greater risk is on the side of mixed concrete recipient. The compliance criteria proposed in [6] can lead to too much risk for the client [7] is correct for the standard deviation of 3 MPa. For a larger standard deviation of the compressive strength, the verified concrete does not fulfill the requirements of the proposed class of concrete. As a result of the above mentioned disadvantages of standard conformity criteria, the effect of quality control for the sample size n = 3 on the level of safety and the reliability index value for concrete and reinforced concrete structures has been analyzed.
COMPLIANCE CRITERIA AND LEVEL OF SAFETY FOR CONCRETE CONSTRUCTION
According to Eurocode 1990 [8] , the design compressive strength fcd is equal to the characteristic strength fck divided by the partial factor γc = 1.4. Under that assumption, Eq. 3.1 for the level of safety for concrete structures can be written as [8,9]:
The level of safety for realized concrete structures of the conformity criteria for n = 3 can be similarly written as (Eq. 3.2):
A margin of safety is related with a probability of failure of the element or a structure in equation
A structure can be regarded as safe if the calculated value of the reliability index according to the formula (3.4) is not less than the target β -value:
The recommended minimum target reliability index βd -value for ULS for structures with different reliability classes and reference periods T0 = 1 year and 50 years are given in Annex B to PN-EN 1990 [8] . This reasoning adopted the performance of structural components RC2 class and in accordance with Annex C to PN EN 1990 [8] , adopted the target value βd = 3.8 (Pfd = 7.23 E-05). The level of safety was determined for nine concrete classes - Table 1 . The impact of conformity control for the sample size n = 3 is particularly noticeable for concrete classes C8/10 to C30/37 and the standard deviation greater than 2.0 MPa. The index value for the reliability of the standard deviation to 2.0 MPa is always greater than the value of β = 3.8 recommended for the reliability class RC2.
In the analyzed cases, it can be seen that control of compliance has a significant impact on the safety of concrete structures whose safety is dependent on the characteristic compressive strength - Table 1 . The analysis of the impact of conformity control on the reliability index value for realized concrete structures are presented for C25/30 concrete class and for different standard deviations. In the analyzed cases, it can be seen that conformity control has a significant impact on the value of the reliability index of concrete structures ( Fig. 2a-2e ).
The impact of conformity control is particularly evident in the case where deviation is stabilized at 5 MPa. According to this (8) (Eq.3.5):
(3.5) β = 3.09 < βd = 3.8
The resulting value of the reliability index β= 3.44 is the smaller of the minimum value 3.8 of the reliability index for resistance for the adopted reference period of 50 years. Realized structures of concrete class C20/25 on the basis of conformity criteria for n = 3 are not safe structures.
The probability of failure of ultimate limit states are greater than the maximum allowable probability of failed structure (Eq.3.6): 
COMPLIANCE CRITERIA AND RELIABILITY INDEX FOR REINFORCED CONCRETE STRUCTURES
In order to determine the influence of conformity control for the sample of n = 3, regarding sensitivity of reliability in reinforced concrete structures, calculations for two typical reinforced concrete elements were made; for a bending beam and a compressed column.
The subject of the analysis was a simply supported beam. The distance between the supports was 6 m and the beam was subjected to a uniformly distributed load. For permanent and variable action and material parameters the values and coefficients of variation were assumed - Table 2 . The beam was designed in two concrete strength classes: C25/30 and C16/20, based on the following dimensions of beam cross-section: h1 = 50 cm, h2 = 55 cm and b = 30 cm, fixed for all the analysed beams. In this example, the field of tension reinforcement essential in a critical section (due to bending moment Md = 275 kNm) was 1680 mm2 and was constant irrespective of concrete class. The reliability index for the beam was calculated by a probabilistic level 2, using an iterative algorithm due to the nonlinearity limit state function [4] . The reliability index obtained for the critical section of bending was compared in Table 3 . The calculated column was defined as a separated, internal element, stiffened by a multi-span Due to the assumed fixed section of compression reinforcement (A = 9.42 cm 2 ), the cross-section of the column was changed so that the same force had met the condition of bearing capacity in all the analysed cases.
The steel and concrete material data was assumed to be the same as the analysed example of the reinforced concrete beam. A column made of two concrete classes C20/25 and C30/37 was also taken into account in the analysis. The obtained reliability index is shown in Table 4 . 
CONCLUSIONS
The level of safety for concrete structures decreases considerably when conformity control refers to the sample size n = 3. When analyzing the reliability of concrete structures, in case of doubt about the quality of built-in concrete, the impact of conformity control must be taken into account, especially in the case of concrete produced with a standard deviation greater than 3.5 MPa.
The calculation of reliability of a bending, reinforced concrete beam showed that a change in the standard deviation in the case of application of compliance criteria for the sample size n = 3 was not relevant for the final reliability index of the component. The resulting reliability index value is always higher than that required for a 50-year period of use.
In The analysis of a compressive reinforced concrete column showed that reliability for reinforced concrete structures compressed analogously to concrete structures decreases significantly when compliance testing refers to the size n = 3.
In the analysis of construction reliability, when the quality of built-in materials is doubted, compliance testing must be referred to, particularly in the case of concrete produced with a standard deviation greater than 3.5 MPa. It must be kept in mind that, in cases where the application of compliance criteria for a sample size n = 3, and a standard deviation of greater than 3.5 MPa, the achieved strength characteristic for compression is not 5% fractile. This fact has an effect on determining the reliability index of building structures. 
